on the work are also appreciated.
Summary
This paper analyzes the relationship between trade facilitation, trade flows, and GDP per capita in the Asia-Pacific region for the goods sector. The paper defines and measures trade facilitation using four broad indicators. These are constructed using country-specific data for: port efficiency, customs environment, regulatory environment, and e-business usage. The relationship between these indicators and trade flows is estimated using a gravity model. The model includes tariffs and other standard variables. We find that enhanced port efficiency has a large and positive effect on trade. Regulatory barriers deter trade. Our results also suggest that improvements in customs and greater e-business use significantly expands trade, but to a lesser degree than the effect of ports or regulations. We then estimate the benefits of specific trade facilitation efforts by quantifying differential improvement by members of the Asia Pacific Economic Cooperation (APEC) in these four areas. Based on a scenario in which APEC members below average improve capacity half-way to the average for all members, we find that intra-APEC trade could increase by $254 billion. This represents approximately a 21 percent increase in intra-APEC trade flows; about half coming from improved port efficiencies in the region. Using Dollar and Kraay's estimate of the effect of trade on per capita GDP, these improvements in trade facilitation suggest an increase in APEC average per capita GDP of 4.3 percent.
Introduction
The relationship between trade facilitation, trade flows, income growth, and human development is simple in theory, but complex and challenging in empirical design and estimation. Economic theory generates a relatively simple chain of causality: Human development is enhanced through income growth; Income growth is greater with more crossborder trade; Trade is increased through trade facilitation efforts. Empirical work has focused on quantifying each of these links in the chain: The human development index is positively related to Gross Domestic Product (GDP) per capita; Countries with a growing income have a higher GDP per capita; The positive relationship between trade and growth has come under scrutiny recently, but there is no evidence that increased cross-border trade reduces income growth. The focus of this paper is the last, or perhaps the first, link in the chain-the empirical relationship between trade facilitation and trade flows.
Trade facilitation, as used in general parlance, usually implies improved efficiency in the administration, procedures, and logistics at ports and customs. A broader definition includes streamlined regulatory environments, deeper harmonization of standards, and conformance to international regulations (Woo and Wilson 2000) . Trade facilitation has become part of the policy debate inside countries, with donor agencies, and in negotiating forums.
What is the relative magnitude and complementarity of trade facilitation initiatives (narrowly or broadly defined) vis-à-vis reducing traditional trade barriers (such as tariffs and quotas)? In the context of their own development strategies, some countries on their own, or with donor assistance or public-private funding and partnership, are considering whether to engage in unilateral trade facilitation efforts and in what areas. At the Singapore Ministerial of the WTO (1996) , trade facilitation was added to the new basket of trade issues. Preliminary discussions are focusing on what kind of capacity building projects and development assistance might best promote trade facilitation in the content of the Doha Development Agenda. Decisions on the modalities for negotiations on trade facilitation, including customs procedures, must be made at the Ministerial Conference of the WTO in Mexico in September 2003. Debate also continues about whether to extend the Information Technology Agreement to non-tariff measures and standards, as well as whether international standards should be mandated in national regulations. Informed discussion and policy-making on these questions have been impaired due to the lack of empirical measures of trade facilitation and of their impact on international commerce.
Three challenges face empirical research on the issue of trade facilitation: Defining and measuring trade facilitation; Choosing a modeling methodology to estimate the importance of trade facilitation for trade flows; Designing a scenario to estimate the effect of improved trade facilitation on trade flows. The research approach taken by this study contributes in each of the three areas. We explore the topic within the context of trade among members of the Asia Pacific Economic Cooperation (APEC), which account for about 57 percent of world GDP and about 47 percent of global trade.
First, we define and measure trade facilitation using several different indicators (port efficiency, customs environment, regulatory environment, and e-business usage) rather than proxy trade facilitation with a single parameter, such as import prices, international transportation costs, or productivity of the transport sector. Second, to model cross-border trade and to estimate the effect of trade facilitation on trade, we use a gravity model of bilateral trade flows rather than use a computable general equilibrium (CGE) approach. Third, the scenarios we explore to determine the benefits of improved trade facilitation do not assume that all countries improve procedures and capacity to support trade flows by the same amount. Rather our simulation exercise acknowledges that some countries have further to go to reach best practice in regulatory reform or port efficiency, for example, than do others. This paper is organized as follows. Section 2 reviews definitions of trade facilitation and previous efforts to measure the impact of its improvement on trade. Section 3 discusses the data. Section 4 develops the methodology used in this study and presents the results from the empirical model used to estimate the relationship between bilateral trade flows and countryspecific trade facilitation measures. Section 5 offers simulation exercises that explore the consequences of improving trade facilitation measures for AP EC as a whole, for individual countries as exporters to all of APEC, and for individual countries as importers from APEC. Section 6 concludes.
Overview of Previous Work

Definition of Trade Facilitation
There is no standard definition of trade facilitation in public policy discourse. In a narrow sense, trade facilitation efforts simply address the logistics of moving goods through ports or more efficiently moving documentation associated with cross-border trade. In recent years, the definition has been broadened to include the environment in which trade transactions take place, to include transparency and professionalism of customs and regulatory environments, as well as harmonization of standards and conformance to international or regional regulations. These move the focus of trade facilitation efforts inside the border to "domestic" policies and institutional structures where capacity building can play an important role. In addition, the rapid integration of networked information technology into trade means that modern definitions of trade facilitation need to encompass a technological concept as well. Table 1 reproduces definitions of trade facilitation drawing from various international organizations to show the evolving definition of trade facilitation.
In light of this broadening definition of trade facilitation our definition of trade facilitation will incorporate relatively concrete "border" elements such as port efficiency and customs administration and "inside the border" elements such as domestic regulatory environment and the infrastructure to enable e-business usage.
Measuring the Impact of Trade Facilitation
The empirical literature on trade facilitation is limited. Maskus, Wilson, and Otsuki (2001) address some of the more important empirical methods and challenges in quantifying the gains of trade facilitation in the area of harmonized regulations. The Asia Pacific Foundation of Canada (1999) outlines the relative importance of the three kinds of trade facilitation measures (customs, standards and regulatory conformance, and business mobility) for APEC business but does not assess the impact on APEC trade of trade facilitation improvements. Australian Department of Foreign Affairs and Trade and Chinese Ministry of Foreign Trade and Economic Cooperation (2001) suggests that moving to electronic documentation for trade would yield a cost savings of some "1.5 to 15 percent of the landed cost of an imported item." If a simple average of a 3 percent reduction in landed costs were applied to intra-APEC merchandise trade, the gross savings from electronic documentation could be US$60 billion.
1 The Organization for Economic Cooperation and Development (OECD) summarizes other available studies, most of which are limited in their definition of trade facilitation or use data that are quite old.
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Several recent studies use CGE models to quantify the benefits of improved trade facilitation. In CGE models an improvement in trade facilitation can be modeled equivalently as a reduction in the costs of international trade or as an improvement in the productivity of the international transportation sector. Since this sector is already included in the CGE model, the effect of improved trade facilitation comes from "shocking" the sector by an appropriate amount. UNCTAD (2001) uses CGE analysis to consider trade facilitation in the broader context of creating an environment conducive to developing e-commerce usage and applications. The objective of the CGE analysis is to consider the relationship between a given size shock to productivity growth, applied equally to all members of the group, on GDP of regional groups of countries. These results show that a 1 percent reduction in the cost of maritime and air transport services could increase Asian GDP some US$3.3 billion.
3 If trade facilitation is considered in a broader sense to include an improvement in wholesale and retail trade services, an additional US$3.6 billion could be gained by a 1 percent improvement in the productivity of that sector.
APEC (1999) also uses CGE analysis. The "shock" reduction in trade costs from trade facilitation efforts differs by members of the group: "1 percent of import prices … for the industrial countries and the newly industrializing countries of Korea, Chinese Taipei and Singapore, and 2 percent for the other developing countries." 4 The Report estimates that APEC merchandise exports would increase by 3.3 percent from the trade facilitation effort to reduce costs. In comparison, the long-run increase in merchandise trade from completing Uruguay Round commitments is estimated in this model to increase APEC merchandise exports by 7.9 percent. Hertel, Walmsley and Itakura (2001) use CGE analysis to quantify the impact on trade of greater standards harmonization for e-business and automating customs procedures between Japan and Singapore. They find these reforms will increase trade flows between these countries as well as their trade flows with the rest of the world.
Other research addresses specific aspects of the trade facilitation agenda and use the gravity model analysis. Freund and Weinhold (2000) apply a gravity model to estimate the role of e-commerce in promoting bilateral trade. They find that a 10 percent increase in the relative number of web hosts in one country would have increased by one percent trade flows in 1998 and 1999. Fink, Mattoo and Neagu (mimeo) apply a gravity model to estimate the effect of the communication costs on bilateral trade. They find that a 10 percent decrease in the bilateral calling price is associated with an 8 percent increase in bilateral trade. Moenius (2000) applies a gravity model to estimate the effect of bilaterally shared and country-specific standards on goods trade. He finds that the bilaterally shared standards can promote trade. Sewadeh (2001a, 2001b ) apply a gravity model to the case of food safety standards, finding that African export of cereals, nuts and dried fruits will decline by 4.3 (cereals) and 11 (nuts and dried fruits) percent with a 10 percent tighter EU standard on aflatoxin contamination levels of these products.
We will use the gravity model of bilateral trade in the region, and will incorporate a richer set of indicators of trade facilitation as well as include tariffs to see which of these factors might have a greater effect on trade flows in APEC.
Data in This Study
Data to Measure Trade Facilitation
The greatest challenge to new research on the issue of trade facilitation is to find conceptually distinct measures of trade facilitation that better meet policymakers needs for specificity on how to approach trade facilitation efforts. Should they focus on ports, on customs reforms, on international regulatory harmonization, or e-commerce? Of course there are synergies among these various reforms, but limited resources mean that not all can be tackled at once. Previous efforts that proxy trade facilitation with import prices or transportation costs cannot provide this link to policies or projects that decision-makers need. Accordingly, we derive indicators of trade facilitation that measure these four different approaches to trade facilitation.
Specifically, our analysis includes four indicators of trade facilitation that measure four different categories of trade facilitation effort:
1. Port efficiency, 2. Customs Environment, 3. Own regulatory environment, and 4. E-business usage.
'Port efficiency' is designed to measure the quality of infrastructure of maritime and air ports. 'Customs environment' is designed to measure direct customs costs as well as administrative transparency of customs and border crossings. 'Regulatory Environment' is designed to measure the economy's approach to regulations. 'E-Business Usage' is designed to measure the extent to which an economy has the necessary domestic infrastructure (such as telecommunications, financial intermediaries, and logistics firms) and is using networked information to improve efficiency and to transform activities to enhance economic activity.
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Each of these indicators is generated from data specific to each APEC economy. Thus, empirical estimation aside, these indicators help policymakers judge how their economy stacksup relative to APEC's best practice in each of these four areas. Between these self assessments against best practice and estimation results on the effect of these four trade facilitation indicators on trade flows, substantially more information is available to policymakers about what might be the most fruitful direction fo r reform, capacity building, and negotiation. We turn to survey data because there are no other empirical data available on a consistent basis for all of the APEC members. Some APEC members have done empirical studies of, say, improvements in customs costs or release-times from customs warehouses. But, we cannot assume that gains obtained, for example, by Singapore would equally be enjoyed by Vietnam. Indeed, the objective of our research is to distinguish Singapore and Vietnam in their need for capacity building or pilot projects in the various trade facilitation areas.
Nor is there much hard data available on the conceptual basis relevant for the trade facilitation analysis. We need consistent country-specific assessments of port efficiency, customs environment, regulatory environment, and e-business usage. We deploy survey data in our analysis because it is available for the range of trade facilitation indictors that we wish to examine. While such survey data must clearly be used with caution and checked across alternative sources for similar proxies, it offers the potential for cross-country quantitative policy analysis.
Generating Trade Facilitation Indicators
Our approach to generating the four trade facilitation indicators "over-samples" the survey data so as to reduce dependence on any one source or survey response. That is, each of the four trade facilitation indicators is constructed with multiple data inputs. We can analyze the inputs to gain even greater information about the trade facilitation measures, both for an individual economy and across the APEC region.
The first step in the construction of each of the four trade facilitation indicators is to put all the original data on a comparable basis. This is necessary since some of the data are actual values, some come from surveys where responses can range from 1 to 7, and others from surveys that range from 1 to 10, and so on. To put all original or "raw" data on a comparable basis, each observation of a raw series (which is an observation representing an APEC member) is indexed to the average of all the APEC members' value for the raw series. That is, each individual APEC-member data point is indexed to the average of all APEC members' data points. Each of these indexed-series we shall call an "indexed input."
So an "indexed input" for APEC member J (J=1,2, .. , 19) 6 is constructed as:
The next step in creating the trade facilitation indictors involves averaging the indexed inputs into the four specific trade facilitation indicators. A simple average of the indexed inputs is used for transparency of method, and also because there is no specific argument (theoretical or statistical) to choose a different aggregation method. 7 The various raw data series were chosen because of their relevance to the four concepts of trade facilitation. Details of the questions underpinning each of the indexed inputs is in the Data Appendix. § "Port efficiency" for each APEC member J is the average of three indexed inputs:
o Port Efficiency Index (MDX Examining the indexed inputs that are averaged to generate the trade facilitation indicators is informative for several reasons. First, summary statistics on the indexed inputs and the aggregated indicators points out the countries with best practice, worst practice, as well as the range between best and worst practice (Table 2 ). This range and the countries involved will be important later when building the scenarios on benefits of trade facilitation, and for considering 7 The statistical properties of the trade facilitation indicators may require further consideration. The original or raw data come from different metrics (percent, survey ranges from 1 to 7 or 1 to 10, numbers of users, etc). So, the standard deviations around the mean of each of these indicators will differ from the standard deviation of the indexed inputs that they become. When averaged into the trade facilitation indicator, the standard deviation of the final product and its relationship to the standard deviation of the original data is unclear. The implication of this for using the trade facilitation indicators for estimation in the gravity model is also unclear.
which areas of trade facilitation might be most fruitful for a country or for APEC as a whole to consider for policy attention.
Second, correlation matrixes of the indexed inputs into the average help determine how well the "over-sampling" of indexed inputs works to reduce dependency on a single source or raw data input while still measuring the relevant trade facilitation concept. Table 3 shows that, within each of the trade facilitation concept, the correlation of the indexed inputs that are its components is high-above 0.85-suggesting robustness of the trade facilitation indicator as to source of the information and raising confidence that it is correctly assessing the APEC member on that particular indicator of trade facilitation. To the extent that the lengths of the indexed input bars for an economy are more similar to each other, rather than similar to bars from another economy, then this supports the notion that the dominant variation in the indexed inputs is across countries, not within countries. It is the dominance of variation of the trade facilitation indicators across countries that is important in the estimation.
Trade Flows and Other Variables
We use bilateral trade flow data available at the Commodity and Trade Database (COMTRADE) of the United Nations Statistics Division. Our definition of manufacturing goods covers commodities in categories 5 to 8 in SITC 1 digit industry except those in category 68 (non-ferrous metals) in SITC 2 digit industry. 8 The data on Gross National Product (GNP) and per capita GNP were derived from the World Development Indicators published by the World Bank. Our tariff data were derived from the Trade Analysis and Information System (TRAINS) of the United Nations Conference on Trade and Development (UNCTAD). We use the weighted average of applied tariff rates where bilateral trade values are used as the weight. Applied tariff records are considerably sparse. In order to avoid a significant loss of observations, we linearly interpolate or extrapolate the applied rates over the period 1989-2000 for a given pair of importing and exporting countries when records for at least two years are available.
The Econometric Model and Results
The gravity model of international trade flows is a common approach to modeling bilateral trade flows. Initially more of an empirical success than having a theoretical pedigree, it no w is enjoying a resurgence of interest given its natural kinship with current interests in the relationship between geography and trade. The gravity model was first developed by Tinbergen (1962) and Pöyhönen (1963) to explain bilateral trade flows by trading partners' GNP and geographical distance between countries. Recent theoretical and empirical work supporting this modeling approach includes Evenett and Keller (1998 ), Feenstra, Markusen and Rose (1998 ), and Frankel (1997 . Other factors beside GDP and distance are relevant for bilateral trade, including for example, population, GDP per capita (to account for intra-industry trade effects that may be associated with countries of similar incomes but varied tastes), regional trade arrangements, and langua ge/ethnic similarities.
Some studies attempt to add additional structural elements to the gravity model to better reflect real world observations. These mainly concern the heterogeneity of traded goods in quality and price by origin, and price differentials associated with border and transportation costs. Anderson (1979) develops a gravity model in line with a general equilibrium framework. He incorporates into a gravity model consumers' preferences over goods that are differentiated by region of origin, assuming the constant elasticity of substitution (CES) structure on consumers' preferences. Anderson and von Wincoop (2001) additionally introduce the border costs as premiums on the export prices. Balistreri and Hillberry (2001) further extend the results of the Anderson and von Wincoop's gravity model to estimate the transport and border costs separately by distinguishing consumers' and producers' price indices. Using a rather standard specification of the gravity model, Sewadeh (2001a, 2001b ) control for differences in the prices and unobservable factors that are specific to exporting countries by allowing fixed-effects for exporting countries. While somewhat crude, such a model is less data demanding, and more applicable for developing countries whose price data are less reliable and complete.
In our model, the key economic variables of the gravity model such as Gross National Product (GNP) and the geographical distance between corresponding pair of importing and exporting countries are used. In the general specification of the gravity model, the logarithm of bilateral trade flows in real value is regressed on logarithms of GNP of the exporters and the importers, of geographical distance between each pair of importers and exporters, and other variables that can account for the rest of the variation (Maskus, Wilson and Otsuki 2001) . Our model employs the specification of the exporter-specific fixed-effects developed in Sewadeh (2001a, 2001b) .
The trade data used here is bilateral trade flow of manufacturing goods among APEC member nations from 1989 to 2000. In the context of this research report, we augment the standard gravity model specification with the various indicators of trade facilitation.
The Gravity Model Analysis
Using a standard gravity model as reviewed above, the basic structure of our specific gravity equation is the following: 
where I and J stand for the exporter and importer respectively, and t denotes trading years (t=1989, …, 2000). The value of manufactures exports from country J to I is denoted as V IJ . The term TARIFF IJ t denotes applied tariff rate in the percent ad valorem term that is specific to the trading partners I and J and year t. The inclusion of the tariff variable is useful for reducing omitted variable biases. It is particularly important for APEC since, unlike the EU whose tariff policies are harmonized, applied tariff rates generally vary across the member countries and possibly across their exporting partners.
The terms PE I , CE I , RE I and EB I denote importing country I's indicators of port efficiency, customs environment, regulatory environment, and e-business usage. The term GNP denotes gross national product and GNPPC denotes per capita GNP, where both are expressed in 1995 US dollar terms. Geographical distance between capital cities I and J is denoted as DIST IJ . Dummy variables are included to capture the effect of preferential trade arrangements, language similarity and adjacency. ε is the error term that is assumed to be normally distributed with mean zero. Table 4 shows the variable names and expected signs for the four trade facilitation measures. Table 5 shows the simple correlations among the included variables. Three of the trade facilitation variables (ports, customs, regulatory) are rather highly correlated with each other and rather highly correlated with per capita income of the importer. This is to be expected, first because the trade facilitation indicators are different facets of overall trade facilitation and second because some of the elements of trade facilitation (administrative transparency, available resources to build quality ports, and so on) are more prevalent in higher income economies. The correlations for e-business are much lower (0.5), both against the other trade facilitation measures and against per capital income of the importer. Table 6 displays regression results. The approach used here to generate a set of distinct trade facilitation indicators and deploy them in a gravity model of trade is generally successful. The coefficients for the four trade facilitation measures are generally significant and all are of the expected sign. The estimated coefficients differ for the different trade facilitation indicators. From a policy perspective, these differences in estimated elasticities of trade flows with respect to trade facilitation indicator implies that different approaches to trade facilitation will differentially affect exports of individual countries and of the APEC region as a whole. Figure 5 illustrates the relative effectiveness of a one percent of increase in each measure (a one percent of decrease in the regulatory environment measure) on the increase in intra-APEC manufactures trade in percentage. Overall, our analysis reveals that trade facilitation involves more than reducing the cost of transportation-although this factor is quite important. These results indicate that other empirical research on quantifying the benefits of trade facilitation that used transport costs as a proxy for trade facilitation likely underestimated the elasticity of trade with respect to broad trade facilitation efforts. This is an important first consideration for policymakers as they consider trade and development priorities in the future.
Regression Results
Tariffs have a significant and negative effect on intra-APEC manufactures as expected, as does distance. The coefficients on these two variables are both about 0.7 (slightly higher for customs and slightly lower for distance). These figures are useful benchmarks against which to compare the coefficients on the trade facilitation indicators.
'Port efficiency' has the largest elasticity among the trade facilitation indicators, about 4.2. This suggests that the greatest gains to intra-APEC manufactures trade would come from improvements in this trade facilitation area. An elasticity of trade with respect to port functions of this magnitude is supported by internal analyses reported by Hong Kong, China; and Japan as presented in a Trade Facilitation Seminar held in Bangkok, Thailand (August 2002). Fink, Mattoo and Neagu (2002) also support this finding in the context of maritime-based trade. In some sense, the fact that trade is most elastic with respect to direct border costs in comparison to indirect costs should not be a surprise.
'Customs environment' is positively associated with intra-APEC manufactures trade. The coefficient is not large (0.42), about one-half the magnitude of the tariff and distance elasticity and one-tenth the size of the port efficiency indicator. Equal sized improvements in the 'Customs environment' will complement port improvement, but the additional effect of customs improvement would be relatively small overall. On the other hand, improvements in customs can make up for less improvement in tariff barriers. Moreover, the range of potential for country performance in the area of customs is large (for example, Russia and Indonesia in Table 2 ), suggesting that there may be opportunities for great improvements in this area compared to improvements in the ports indicator. This greater potential for improvement in customs in some countries should rais e the profile of this trade facilitation indicator in policy discussion in those countries.
'Regulatory environment' has a negative and significant effect on intra-APEC manufactures trade as expected with a coefficient of (-1.56). To the extent that regulatory barriers are used as alternatives to border barriers, reducing these regulations will be positively associated with trade. The higher coefficient than for tariffs is consistent with the relatively more costly consequences for trade of non-market barriers to trade. The large absolute value of the coefficient points out that tightening regulations can offset improvements in other trade facilitation measures.
'E-business usage' has a positive and significant effect on intra-APEC manufactures trade. The coefficient is about the size of the tariff and distance coefficients (0.63) suggesting that the benefits of having facilitating domestic infrastructures and increasing engagement in ecommerce are as large as for trade liberalization. Moreover, the range of performance on this measure of trade facilitation among APEC members is the largest among the trade facilitation indicators (Table 2) . So, the opportunities for increased trade from improvements in this measure of trade facilitation could be quite large. These results are consistent with the findings in Fink, Matoo, and Neagu, and in Freund and Weinhold that good telecommunications and greater access to the Internet could increase bilateral trade flows. These results would tend to support efforts within APEC to enhance e-commerce usage through the e-APEC Strategy and Paperless Trading initiatives.
Endogeneity between Trade and Trade Facilitation Measures
Cross-section regression analysis inevitably faces the problem of an ambiguous causal relationship and the use of a single-year set of trade facilitation measures limits our interpretation of the coefficients as elasticities. We cannot exclude the possibility that greater bilateral trade will lead to higher values of trade facilitation measures rather than the postulated reverse relationship as estimated. Port efficiency, customs environment and e-business usage may improve with a country's import flows and the estimated coefficients for these variables would be biased upwards if this endogeneity is present. A logical approach to the endogeneity problem is (1) to employ instrumental variables for the trade facilitation variables so the error term does not correlate with trade facilitation measures, and/or (2) to extend the trade facilitation data to multiple year series and to use time-lagged measures of trade facilitation as explanatory variables.
The first approach requires instrumental variables that are exogenous to the trade facilitation measures and trade flow. But such instruments are difficult to find in practice and the power of such instruments is always an issue. Moreover, the endogeneity problem remains if instruments that best account for the state of trade facilitation are also likely to be dependent on trade flows. Use of instruments is consequently not an effective solution to the endogeneity problem.
Unfortunately, time series are unavailable for most of our raw inputs to trade facilitation measures. But the second approach still can be implemented partially by investigating the model specification using the few raw inputs that are time variant. Data on 'port facilities and inland waterways ', 'air transport' and 'bribery and corruption' are available for a limited time period, from 1996 to 2000. The first two are inputs to our 'Port efficiency' and the third is an input to our 'Customs environment'. There are no time series for inputs to the 'Regulatory environment' or 'E-business' measures.
We approach investigating the issue of endogeneity as follows: First, we reconstruct a time-series of 'Port efficiency' using the same method as detailed in Section 3.2 except we use only the raw inputs that are available in time series: 'port facilities and inland waterways' and 'air transport'. We do similarly to reconstruct a time series for the 'Customs environment' measure using just 'bribery and corruption'.
Second, we re-estimate the model specification using these two time-series indicators, both with and without the other two indicators of trade facilitation (to investigate specification bias) and with lagged values of the measures that are available in time series (to investigate endogeneity bias). (Table 7 ). In our new regressions, the reconstructed 'Port efficiency' and 'Customs environment' measures replace the previous ones in Equation (1). First, these variables are included with and without the 'Regulatory environment' and 'E-business' measures (Models I and II, respectively). The 'Port efficiency' and 'Customs environment' variables are then time-lagged by one year so that the causal relationship is better isolated (Models III and IV). The inclusion of 'Regulatory environment' and 'E-business' may introduce measurement errors since they are time-invariant. On the other hand leaving out these measures could contribute to omitted variable biases. Out of our entire sample, observations from 1996 to 2000 are used for Models I and II, and those from 1997 to 2000 are used for Models III and IV.
Comparing the results of Models I and II suggests that the coefficients for 'Port efficiency' and 'Customs environment', will be biased if the other two trade facilitation measures are omitted. On the other hand, comparing Models I and III, as well as Models II and IV, indicates that the coefficients for the time-lagged 'Port efficiency' and 'Customs environment' are close to those for the unlagged measures. Endogeneity bias between these measures and trade would tend to bias upward the coefficients. These results of the alternative models indicates that endogeneity bias is not present for 'Port efficiency' and 'Customs environment'.
In sum, the original specification of the model and using time-invariant measures of trade facilitation receives support. So, the policy simulations in the next section are based on the regression model in Equation (1). A further advantage of using this model over the alternative models with time-variant trade facilitation measures is that it includes the full sample period 1989-2000 which improves the preciseness of the estimated coefficients.
Potential Benefits From Trade Facilitation: Simulation Results
Simulation Design
The gravity model approach allows us to consider how much trade in the APEC region might be increased under various scenarios of "improved" trade facilitation and/or tariff reduction. We will examine scenarios that focus on improved port efficiency, improved customs environment, improved e-business usage, and regulatory harmonization. Our objective in the simulations is to help inform policymakers on which specific trade facilitation initiatives might have the greatest potential to increase trade and economic well-being.
Our simulations using the gravity model and the trade facilitation indicators can give us three perspectives on trade facilitation in APEC. First, the simulations allow us to analyze the implications of different trade facilitation initiatives for intra-APEC trade as a whole. Second, the simulations allow us to examine an individual APEC member's exports to other APEC members (bilaterally and total). Finally, we can use the simulations to proxy for the costs suffered by businesses and consumers in an individual APEC member when their own trade facilitation indicators are below APEC best practice.
One possible simulation design is one where all APEC members improve trade facilitation measures by a given percentage. This is analogous (although using the broader set of trade facilitation indicators) to the CGE analysis wherein all economies have a one percent reduction in transportation costs. But, some countries are already at best practice, where others are far from the APEC average. The simulation methodology of applying a common percentage improvement to each trade facilitation indicator implies that even an economy that is already using best practice will also have to improve. Our simulation approach acknowledges the differential potential for improvement revealed by Table 2 .
To better tailor the simulation exercise to inform policy decisions on what kind of trade facilitation initiative might yield the greatest improvements in trade, we examine the metric of bringing the below-average members half-way to the APEC average. We focus on the belowaverage APEC member on the grounds that donor attention and capacity building efforts should be extended to this group. It is not that the country with the best practice should not try to do better; it is just that limited multilateral resources are not best utilized there. We choose an improvement of half-way to the APEC average because there are limited development resources and improvements take time. Dramatic improvements are possible, but it is not realistic to presume a scenario whereby all APEC members are assumed to achieve best practice as measured by the APEC member with the highest score on a particular measure of trade facilitation. Therefore, the countries for which we will simulate an improvement in trade facilitation will differ by the trade facilitation indicator. However, because trade facilitation links exporters and importers, all economies enjoy and increase in intra-APEC trade even when only some have an improvement in their trade facilitation indicator. Consider the following example for Chile and New Zealand. Chile is an economy that is 'below average' for ports efficiency and the scenario for improvement in port efficiency will increase the trade facilitation indicator for Chile half-way to the APEC average. But, Chile is above-average for customs environment, so no improvement is postulated for Chile in the scenario of improved trade facilitation indicator of customs environment. New Zealand has above-average trade facilitation indicators for all except e-business usage. Thus, only when we run a scenario of improved e-business will the trade facilitation indicator for New Zealand be "improved." However since Chile and New Zealand trade with each other in APEC, when Chile improves its ports, New Zealand gains. And when New Zealand improves its e-business usage, Chile gains.
We run a simulation given the rule (bring the below-APEC-average members half-way to the initial APEC-average) for 'port logistics,' 'customs environment,' and 'e-business usage. ' We run a different simulation for the 'regulatory environment.' Research (Moenius, and Hertel, Walmsley and Itakura) suggest that standards harmonization increases trade. Therefore, our simulation brings the above-average members half-way down to the APEC average as a proxy for how relaxing regulatory barriers will increase trade. At the same time, we bring the belowaverage members half-way up to the APEC average as a proxy for how standards harmoization aids trade.
As background for these scenarios, Table 8 gives the range of values for these trade facilitation indicators, as well as the economy that represents "best practice" and therefore whose indicator value is greatest. It is worthwhile to note that the 'best practice' economy is not the same for all of the trade facilitation measures considered. Second, it is worthwhile to note that the range between lowest value and highest value is significantly greater for e-business usage and customs environment, and narrower for port efficiency and regulatory environment. Table 9 summarizes the results for the simulations and presents the results for intra-APEC trade as a whole. In total, for APEC as a whole, the collection of simulations yield an increase in intra-APEC trade worth about $250 billion dollars. This is an increase of about 21 percent in total intra-APEC manufactures trade. About $117 billion of the total gain (and 10 percent of the increase in trade) comes from the improvement in port efficiency. About $139 billion of the total gain comes from the improvements "at the border" in port efficiency and customs environment. Another $116 might come from improvements "inside the border" in regulatory harmonization and e-business usage.
The large increase in intra-APEC trade derived from improved 'port efficiency' is partly because of the large coefficient on the relationship between trade and port logistics (4.2 ; see Table 6 ), and partly because countries such as Mexico and particularly China are very large intra-APEC traders and have much room for improvement in the area of port logistics (this can be seen by examining the country detail for "Port Efficiency Scenario-Experience of Importers). In terms of the distribution of the export gains, large APEC exporters such as the US, Japan, and Korea would see the greatest increase in dollar terms ($38 billion, $22 billion, and $9 billion respectively). But many APEC countries (Russia, Hong Kong, China; Chile, Chinese Taipei,) would see large double-digit increase in exports to the APEC region (36%, 28%, 20%, 15%, respectively).
Based on these scenarios, the attention devoted by policymakers to improvements in port efficiency appears productive. According to these scenarios, improvements to port efficiency by below-average APEC members could have the greatest impact on intra-APEC trade. In contrast, though, based on the overview of the trade facilitation measures (Table 8 ) the room for improvement is relatively small for port logistics. That is, the range of the port logistics indicator from best practice to worst practice is smaller than other trade facilitation indicators that are the focus of this analysis. Henc e, there may be countries where port efficiency is not the principal bottleneck to their trade.
Individual APEC members differ in terms of which trade facilitation measures are above and below the APEC average. Moreover, each APEC member has a unique trade pattern with other members of APEC. It is useful to consider, therefore, the simulation output for individual APEC members. The simulated change in bilateral trade flows associated with the simulation for port efficiency, customs environment, e-business, and regulatory harmonization are presented for APEC members as exporters and as importers in Tables 10 to 13 . From the exporters' perspective, the gains in exports for any individual economy will depend on which countries within APEC the economy trades with and how much improvement is achieved by those trading partners under that particular trade facilitation scenario. From the importers' perspective, efficiency gains (which are measured as increased imports) depend only on unilateral trade facilitation efforts of the economy itself. They are, therefore, are presented only for those APEC members who start below the APEC average in that particular trade facilitation measure.
Examining these more detailed tables can help inform policy makers where the greatest gains from trade facilitation initiatives might lie for them--It might not lie with the APEC general result! For example, Thailand's port efficiency indicator is near to the APEC average. A small improvement (which would still cost resources) to the APEC average would increase Thailand's imports by some $4.4 billion. But, Thailand's customs environment and e-business usage are much further away from the APEC average. An improvement half-way to the APEC average in customs environment would increase Thailand's imports by $2.4 billion. If the cost of improving customs is much less than improving port efficiency, then the net gain of focussing the policy effort on customs might make more sense than focussing attention on port efficiency. On the other hand, an improvement half-way to the APEC average in e-business usage would increase Thailand's imports $7.9 billion, nearly fifty percent more than the 'border' measures taken together. Therefore, Thai policymaker might want to consider policies that would enable higher e-business usage. Proceeding on a policy plan to use e-business techniques to improve customs (as in the Paperless Trading initiative) would improve both of these trade facilitation indicators yielding big gains compared to with fo llowing the focus on ports based on the overall APEC results. This example shows careful attention not only to the estimated coefficient of trade with respect to trade facilitation indicator, but also to where an economy ranks in the range of APEC economies may point to which trade facilitation indicator might be the best target for policy effort.
Tariff Reduction versus Trade Facilitation
The regression results also enable us to compare the potential trade gains from improvements in trade facilitation with that from tariff reductions. The estimated coefficients point to trade-offs between trade facilitation measures and tariff reduction. Reducing tariffs to zero is used as the benchmark against which to evaluate what equi-proportionate improvement in the trade facilitation indicator would generate the same amount of gain in total intra-APEC exports. A separate calculation is done for each trade facilitation indicator. The results are presented in Table 14 .
The average reduction in the applied tariff rates in the ad valorem term is 6.5 percent in order to remove all tariffs on manufactures in all APEC members. The total gain in trade flows in APEC countries would be $27.8 billion from this reform. To achie ve the same increase in intra-APEC trade, the Port Efficiency indicator needs to be improved by 0.55 percent from the previous levels of all members. The Customs Environment indicator would have to be improved by 5.5 percent for all APEC members equally, and the E-business indicator would have to be improved by 3.7 percent to generate, each on their own, an increase in trade equal to complete elimination of tariffs.
In overall, it seems the required improvement in trade facilitation indicators are relatively small compared to the tariff reduction. In particular, the improvement in port efficiency to generate a similar trade gain is far smaller. This implies that improvements in trade facilitation measures can be a good policy alternative to tariff reduction if the latter is not feasible. 
Implications for GDP per capita
How trade facilitation contributes to a country's development is also of great interest to policy makers. While our previous analysis does not provide a direct read-out on a country's development, Dollar and Kraay (2001) 's cross-country study on the link between trade and per capita GDP can be used to indirectly calculate the effect of trade facilitation on per capita GDP. The following calculation is based on the "halfway to average" set of simulations. The change in the value of trade of each country that is estimated in our quantitative analysis is mapped into the estimated model of growth in per capita GDP and growth in value of trade.
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As Table 15 shows, a single APEC member country will, on average, enjoy a US$ 550 increase in per capita GDP in terms of the year 2000 figure as a outcome of the policy reforms. This corresponds to a 4.3 percent increase in the average APEC per capita GDP. The gains to some members of APEC are much larger with Russia enjoying a 14 percent increase in GDP per capita and Peru and Philippines gaining 13 and 11 percent, respectively. These countries have the greatest growth in per capita GDP because they are predicted to increase value of trade (imports plus exports), because of the low pre-reform trade facilitation indicators, and because the increased value of trade is large relative to their initial per capita GDP. Among developing countries, Malaysia will have a smallest growth in per capita GDP as its pre-reform level of trade facilitation and its trade intensity were already relatively high.
Conclusions
An important advantage of our research approach is that we include a variety of indicators of trade facilitation. The set of indicators includes member-specific trade facilitation indicators for port efficiency, customs environment, regulatory environment, and e-commerce use by business. Collectively these embrace the multiple approaches to trade facilitation reflected in modern international commerce. Our analysis also considers the importance of focusing on best practices and achieving benchmarks tied to what is known from experiences in best practices in trade facilitation. Considered comple tely separately from any model estimation of their effect on trade, this set of indicators helps policymakers judge where their economy stands relative to their peers in regard to each of these measures. In the context of quantifying the benefits of trade facilitation efforts, this multiple-indicator approach and decomposing the impact of the various indicators on trade may enable more targeted decision-making by policymakers.
The simulation approach offers several perspectives of the potential benefits of improvements in trade facilitation. It allows us to analyze the implications for intra-APEC trade as a whole. It allows us to examine an individual member's exports to other APEC members, and we can also use the results to proxy for the costs suffered by an individual APEC member when their own trade facilitation indicators are below best practice. This three-sided analysis of simulations can be a particularly valuable input to considering alternative pilot projects for individual APEC members. Of course, the resource costs of alternative policy reforms must be considered to gauge the net gain.
In sum, using this set of indicators and modeling approach offers policymakers more information about what type of trade facilitation efforts might provide the largest gains in terms of increasing trade flows for them. Whereas it remains true that a comprehensive effort yields the greatest increase in trade, the examination of different kinds of trade facilitation and of disaggregated trade flows could be useful for targeting of policy effort and launching of pilot projects in capacity building.
Data Appendix
Data come from the following sources:
World Economic Forum, Global Competitiveness Report, 2000. All survey data comes from the World Economic Forum's Executive Opinion Survey. A total of 4022 firms were surveyed. "In order to provide the basis for a comparative assessment on a global basis, it is essential that we interview a sufficient number of senior business leaders in individual countries and that the sample in each country is not biased in favor of any particular business group. We have taken a number of steps to ensure this. First, we have asked each of our partner institutes, the organizations that administer the surveys in each country, to start with a comprehensive register of firms. From this, they were asked to choose a sample whose distribution across economic sectors was proportional to the distribution of the country's labor force across sectors, excluding agriculture. They were then asked to choose firms randomly within these broad sectors (for example, by choosing firms at regular intervals from an alphabetic list), and to pursue face-to-face interviews, following up for clarifications where necessary. The employment distribution was taken from data in the 1998 Yearbook of Labour Statistics of the International Labour Office. The respondents to the survey are typically a company's CEO or a member of its senior management." IMD Lausanne, World Competitiveness Yearbook 2000. The WCY uses a 115 question survey sent to executives in top and middle management of firms in all 49 countries of the WCY. The sample size of each country is proportional to GDP, and firms "normally have an international dimension." The firms are selected to be a cross section of manufacturing, service, and primary industries. There were 3532 responses to the Survey.
Transparency International, The Global Corruption Report. Transparency International is the only international non-governmental organization devoted to studying and fighting corruption. The organization monitors government compliance, corruption levels and transparency of regulations via 80 independent chapters around the world. Results of the monitoring are used to develop country-specific indices of improper practices. These data are publicly available through the Corruption Online Research and Information System (CORIS), a comprehensive database on corruption and governance.
The various raw data series were chosen because of their relevance to the four concepts of trade facilitation. § "Port efficiency" for each APEC member J is the average of three indexed inputs:
o Port Efficiency Index (MDX). o Port facilities and inland waterways are extensive and efficient (GCR) o "Air transport is extensive and efficient" (GCR) § "Customs environment" for each APEC member J is the average of five indexed inputs :
o "Irregular, additional payments connected with import and export permits, business licenses, exchange controls, tax assessments, police protection, or loan applications are very rare (1=strongly disagree, 7=strongly agree, GCR) o "Import fees are high (1=strongly disagree, 7=strongly agree, GCR) o "Hidden import barriers other than published tariffs and quotas are: (1=an important problem; 7=non an important problem, GCR) o "Bribery and corruption exist in the economy" (1=agree; 10=disagree, WCY) o Corruption Perceptions Index (Transparency International) § "Regulatory environment" for each APEC member J is constructed as the average of four indexed inputs (all GCR):
o "Environmental regulations in your country are (1=confusing and frequently changing; 7=transparent and stable, GCR) o "Regulatory standards (e.g., product, energy, safety, and environmental standards) are among the world's most stringent (1=strongly disagree, 7=strongly agree, GCR)" o "Compliance with international environmental agreements is a high priority in your country's government" (1=strongly agree; 7=strongly disagree, GCR)
12 o "Environmental regulation in your country is: 1=not enforced or enforced erratically; 7=enforced consistently and fairly, GCR) § "E-business" for each APEC member J is from GCR:
o "Percentage of companies that use the Internet for e-commerce"
12 When indexing, this index value is reversed to make it consistent with the other indexes. Note: The notations "*", "**", and "***" denote significance at the 10, 5 and 1 percent levels, respectively. Note: The notations "*", "**", and "***" denote significance at the 10, 5 and 1 percent levels, respectively. Inside the parenthesis is standard error. We used the estimated model in the 6 th column in Table 6 in Dollar and Kraay (2001) . 
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